Abstract. The purpose of this paper is devoted to design a robust controller for the small-scale unmanned helicopter. After the system modeling and identification, a linear model was established. Considering the external disturbances, the static output feedback control of the helicopter using H-Infinity approach has been proposed. The proposed controller is analyzed using a series of simulation, and all the results demonstrate the good performance and robustness of the controller.
Introduction
Small-scale unmanned helicopter is a typical aerial robot that can carry cameras, sensors, or other payloads, which is identified as an important part of the Unmanned Aerial Vehicles (UAVs) and will be used for some challenging missions such as information gathering, accurate measurement, border patrol, forest protection, to name several aerial robotic applications [1] . A small-scale helicopter is not only extremely sensitive to control inputs and disturbances, but also a complex system with high unstable, nonlinear, multiple-input multiple output (MIMO) and high degree of coupling characteristics. Hence, these factors make the unmanned helicopter attract much attention and effort of researchers to design a satisfactory MIMO linear controller. And an accurate mathematical model is the basis for the design of a feasible controller.
In terms of academic research, a helicopter control approaches are numerous. Jinok et al [2] designed a MIMO controller for the position control of the helicopter by LQI method. Zhou et al. [3] used the filtering backstepping method to design the controller to realize the trajectory tracking control. However, these control method ignores the effect of wind disturbance. The H-Infinity control scheme can systematically deal with MIMO systems with model uncertainties, although the control scheme needs sufficient computational power [4] . Gadewadiker et al. [5] proposed a static output feedback H-Infinity controller loops to overcome the wind disturbance. They find a novel algorithm to get the static gains of the inner and outer control loops. In this work, following Gadewadiker et al., we developed a linear model of the Trex-600 small-scale unmanned helicopter and designed a robust controller for it. This paper is organized as follows. System modeling and identification are given in Section 2. The design process of the attitude controller and trajectory controller for the helicopter is elaborated in Section 3. The performance of the proposed controller is critically evaluated, and its robustness is tested. Finally the main conclusions and further research direction are given in Section 4.
System modeling and identification
As shown in Fig.1 , the small-scale unmanned helicopter is treated as rigid body, it has six Degrees of Freedom (DOF), and the exhaustive description for forces, moments and physical parameters for it can be found in [6] . The nonlinear dynamical equations of the motions of the helicopter that describe the translational and angular motion about the three reference axes are given by the Newton-Euler equations: Figure 1 . The small-scale unmanned helicopter.
Where   T u, v, w and   T p, q, r is the linear velocity and the angular velocity in the body frame; F and M denote the external force matrix and moment matrix acting on the center of mass of the helicopter, respectively; m is the helicopter mass; I is the inertial moment matrix about the reference axes.
The stabilizer bar and rotor dynamics, which are common to all small-scale helicopters, are given as:
Where s a and s b are the longitudinal and lateral main rotor flapping angles, s  is the effective rotor time constant, and lat A , lon B , 1 k are just gains. The linearized state-space model of the helicopter system is derived from the nonlinear equations by using the small perturbation theory through capturing the actual behavior of the system near the trim condition (e.g. hovering/cruise) [7] . And the linear model can be given as:
In order to obtain the unknown parameters in the state-space, a novel approach chaotic ABC has been proposed. The detailed process of the system identification based on the chaotic ABC can be found in the [1] . And the results are shown in the follow: 
Robust controller design of the helicopter
In this section a method for finding H-Infinity static output feedback (OPFB) gains has been proposed. It is seen that the H-Infinity OPFB gain is calculated in terms of two coupled matrix equations [8] . We use the robust controller to obtain the output feedback gains of the attitude loop and trajectory loop.
Attitude controller design
The design of the attitude controller is in order to stabilize the attitude of the helicopter, including the roll, pitch. The angle velocities of the three reference axes are the input, and output is the 
Where u q and v q are independent with zero mean, w B is the turbulence input identity matrix,
is the correlation time of the wind, * 0.5   is the scalar weighting factor. The contol structure is shown in Fig.2 , the feedback gain of the output can be calculated by OPFB algorithm. The dynamical model of the attitude controller without the wind disturbance can be written as:
According to Eq. (6), we can get the system matrix of the attitude:
Assuming that the roll and pitch is very small and the trajectory controller of the helciopter can be approximatively written as:
Hence, the variables of the total system is that：
There are existed a 4 11  matrix H satisfy that:
Integrate Eq. (8) 
Then, the dynamical model of the trajectory when adding the wind model can be rewritten as:
And the feedback gain of the trajectory controller is that:
Simulation
In this section, we set the initial position as (0,0,0), the control target as (5m,6,10m) and the total time of the simulation as 40s. The wind disturbance is shown in Fig.4. Fig. 5 is the response of the roll and pitch, and we can see that the response speed of the two angles is fast. Similarly, the response of the angular velocites is shown in Fig. 6 . We can see that all the angular velocites are steady after 3.5s. Wth regard to the trajectory loop, Fig. 7 is the response of the trajectory tracking. As we can seen, the response time of x,y,z are 5.2s, 5.5s and 7.7s. It should be noted that the response speed of the trajectory loop is slower than that of the attitude loop. However, there are some undulate in the result, the steady-state error is keep in 0.5m  . It indicates that our proposed control algorithm has high control accuracy and strong robust. 
Conclusion
The problem of wind disturbance attenuation with stability using static output feedback for liner time-invariant system was researched. We obtain a linear model of the unmanned helicopter from flight data based on chaotic ABC algorithm and develop a robust controller based on H-Infinity static output feedback (OPFB) gains for it. All the results show that the controller is effective.
